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[57] ABSTRACT 

An acceleration slip control system for a motor vehicle 
operates so that a request for the upshift of the transmission 
of the motor vehicle is not output to upshift device in 
accordance With a road surface condition detected by road 
surface condition detection device, on the basis of the 
detection results of engine revolution-speed detection device 
and driving-Wheel slip detection device, Whereby the infe 
rior acceleration of the motor vehicle attributed to the 
upshift is prevented in order to perform the optimum gear 
shift control conforming to the road surface condition. 

10 Claims, 4 Drawing Sheets 
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ACCELERATION SLIP CONTROL SYSTEM 
FOR MOTOR VEHICLE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an acceleration slip 
control system for a motor vehicle. 

2. Description of the Prior Art 
There has heretofore been proposed an acceleration slip 

control system Wherein, When the driving Wheel of a motor 
vehicle has slipped during the acceleration thereof, the slip 
is prevented by braking so as to enhance the starting stability 
and accelerating quality of the motor vehicle. 

There has also been proposed an acceleration slip control 
system Wherein fuel feed to the engine of a motor vehicle is 
cut separately from or jointly With a braking control so as to 
loWer the output poWer itself of the engine. 

Further, the of?cial gaZette of Japanese Patent Application 
Laid-open No. 92729/1992, for example, discloses a tech 
nique for preventing deterioration in the performance of a 
catalyst. In the technique, the gear stage of an automatic 
transmission is upshifted to the higher gear stage side 
thereof in a case Where the revolution speed of the engine of 
a motor vehicle has been greater than a predetermined value 
under the condition under Which a command for cutting fuel 
feed to a speci?ed one of the cylinders of the engine is issued 
because a slip factor eXceeds a predetermined value. 

This technique is intended to cope With the folloWing 
phenomenon: In the high revolution speed Zone of the 
engine, the poWer increase and OTP increase (Over 
Temperature correction) of fuel are carried out. Therefore, 
the unburnt fuel is emitted from the cylinder to Which the 
fuel feed is not cut, Whereas intake air containing oXygen is 
directly emitted as eXhaust air of high temperature from the 
cylinder to Which the fuel feed is cut. In consequence, the 
unburnt fuel and the oXygen are miXed and burnt Within the 
catalyst, and the temperature of the catalyst rises due to the 
burning. 

In some cases, hoWever, When the motor vehicle passes on 
a difference in road level, a Warning line in White, an iron 
plate, or the like during the acceleration thereof on a road 
surface of high friction coef?cient (high p), for example, an 
asphalt road surface, a slip arises for only a very short time, 
so that the drive of the motor vehicle enters an acceleration 
slip control (a traction control abbreviated to “TRC”). 
On this occasion, With the prior-art technique, the gear 

stage is upshifted notWithstanding the engine revolution 
speed is loW. This results in the problem that the acceleration 
Worsens. Moreover, a torque ratio in the automatic trans 
mission enlarges, and kinetic energy is converted into ther 
mal energy Within the automatic transmission. An overload 
is therefore apprehended When the automatic transmission 
has a small torque capacity. 

SUMMARY OF THE INVENTION 

The present invention has been made in order to solve the 
problems of the prior art as stated above, and has for its 
object to provide an acceleration slip control system for a 
motor vehicle in Which the inferior acceleration or the 
overload, etc. ascribable to the upshift of the transmission of 
the motor vehicle are prevented to realiZe the optimum 
gear-shift control conforming to a road surface condition. 

In one aspect, the invention comprises means for detect 
ing a road surface condition and means for limiting upshift 
ing of the transmission based on the road surface condition. 
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2 
In another aspect, the invention comprises means for 

detecting a road surface condition and means for altering a 
gear-shift revolution speed for effecting upshifting of the 
transmission, based on the road surface condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention Will become more apparent from the 
folloWing description of the invention taken in conjunction 
With the accompanying draWings, Wherein like reference 
characters designate the same or similar parts, and Wherein: 

FIGS. 1A and 1B are conceptional block diagrams each 
shoWing the gist of the present invention; 

FIG. 2 is a schematic constructional vieW of a motor 
vehicle Which is furnished With an acceleration slip control 
system according to the ?rst aspect of performance of the 
present invention; 

FIG. 3 is a How chart shoWing an upshift request deciding 
process according to the ?rst aspect of performance; and 

FIG. 4 is a graph shoWing the alteration of a gear-shift 
revolution speed according to the second aspect of perfor 
mance. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

NoW, eXamples of the practicable aspects of performance 
of the present invention Will be described in detail With 
reference to the draWings. 

FIG. 2 is a schematic constructional vieW of a motor 
vehicle Which is furnished With an acceleration slip control 
system according to the ?rst aspect of performance of the 
present invention. 

Referring to FIG. 2, numerals 10 and 12 designate left and 
right front Wheels as driven Wheels, and numerals 14 and 16 
left and right rear Wheels as driving Wheels, respectively. 
The output torque of an engine 18 is transmitted to the left 
and right rear Wheels 14 and 16 via transmission gears 20, 
a propeller shaft 22, differential gears 24, and left and right 
driving aXles 26 and 28, respectively. 
A throttle valve 36 for controlling the quantity of intake 

air is incorporated in the intake passage 30 of the engine 18. 
The throttle valve 36 is joined With an accelerator pedal 38, 
and is opened or closed in accordance With the pressed 
magnitude of the accelerator pedal 38. 

Each of fuel injection valves 34 has its valve opening 
timing and its valve opening duration controlled by control 
signals delivered from an engine controller 40, thereby to 
inject and feed the engine 18 With fuel in a quantity 
corresponding to the valve opening duration. The fuel injec 
tion quantity is controlled by the engine controller 40 in 
accordance With that quantity of intake air per cycle of the 
engine Which is basically determined by the quantity of 
intake air or the internal pressure of an intake pipe, and an 
engine revolution speed (engine r. p. NE. 
An electronic control unit 42 is an ordinary one including 

a microcomputer. The unit 42 accepts the revolution num 
bers of the left and right front Wheels 10 and 12 as the speeds 
of these driven Wheels from left and right driven-Wheel 
speed sensors 50 and 52, respectively. LikeWise, the unit 42 
accepts the revolution numbers of the left and right rear 
Wheels 14 and 16 as the speeds of these driving Wheels from 
left and right driving-Wheel speed sensors 54 and 56, respec 
tively. The unit 42 also accepts information on a gear shift 
position from the transmission gears (automatic 
transmission) 20, information on the degree of opening of 
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the throttle valve 36 from a throttle opening sensor 58, and 
information on the revolution speed NE of the engine 18 
calculated by the engine controller 40. Using the accepted 
information items, the unit 42 discriminates Whether or not 
an acceleration slip has occurred. 

In addition, the electronic control unit 42 calculates Wheel 
accelerations from the accepted Wheel speeds, and combines 
them With the different information (for eXample, the degree 
of opening of the throttle valve 36), thereby to detect (or 
estimate) the condition of a road surface (or the friction 
coef?cient p thereof) in conformity With a knoWn method. 
Further, it detects (or estimates) Whether or not the road 
surface condition corresponds to a so-called “bad road”, on 
the basis of the ?uctuating states of the Wheel speeds. 

MeanWhile, the engine controller 40 gives the transmis 
sion gears 20 a request command for limiting (regulating) 
upshift (or for altering a gear-shift revolution-speed for 
upshift in the second aspect of performance). 

NoW, the operation of the ?rst aspect of performance Will 
be eXplained in conjunction With a How chart illustrated in 
FIG. 3. 

At a step 100 in FIG. 3, Whether or not the motor vehicle 
is under a TRC (traction control) is decided (or judged). In 
a case Where the TRC is not proceeding, the control How of 
FIG. 3 is immediately eXited from, and the usual mode of an 
automatic transmission control is performed. On the other 
hand, in a case Where the TRC is proceeding, Whether or not 
the current position of the automatic transmission (20 in 
FIG. 2) is the ?rst speed (loW gear) stage is decided at the 
neXt step 102. At or above the second speed (second gear) 
stage, since the driving force of the motor vehicle is small, 
the is control How is returned Without daring to make a 
request for the upshift. 

In a case Where the current shift position is the ?rst speed 
stage, Whether or not the engine revolution speed NE is 
greater than or equal to a revolution speed Kneup for a gear 
shift from the ?rst speed stage to the second speed stage in 
the TRC mode is decided at the neXt step 104. When the 
speed NE is not greater than or equal to the speed Kkneup as 
the result of the decision, the control How is returned Without 
making the upshift request, and When the former speed NE 
is greater than or equal to the latter speed Kneup, the control 
How is advanced to the neXt step 106. 

The step 106 serves to decide Whether or not the estima 
tive value of the friction coef?cient p of the road surface as 
calculated from an estimative vehicle acceleration etc. in the 
TRC mode (that is, the estimation value MUE of the 
road-surface-p) is smaller than a threshold value Kmel. 
When the road-surface-p estimation value MUE is not 
smaller than the threshold value Kmeul, the control How is 
returned, and When the former value MUE is smaller than 
the latter value Kmuel, Whether or not the condition of the 
road surface is a bad road condition is decided at the neXt 
step 108. 

The bad road condition is judged by any knoWn method 
on the basis of, for eXample, the ?uctuations of the Wheel 
accelerations. Subject to the bad road condition, a bad road 
?ag Fakuro is turned ON. In a case Where the bad road ?ag 
Fakuro is ON at the step 108, the road-surface-p estimation 
value MUE is compared again With another threshold value 
KmueZ at a step 110. Here, the threshold values are held at 
K_mue2<Kmue1. 
When the road-surface-p estimation value MUE is not 

smaller than the threshold value KmueZ, the control How is 
returned, and When the former MUE is smaller than the latter 
value KmueZ, the control How is advanced to the neXt step 
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4 
112. This is based on the contrivance that, even in the bad 
road condition, the upshift request is made in the case Where 
the road-surface-p is small. 
The step 112 serves to decide Whether or not the slip of the 

driving Wheel (14 or 16 in FIG. 2) has converged. The 
decision is rendered depending upon Whether or not a higher 
one VW fmaX of the speeds of the left and right driving 
Wheels is greater than a target (or target) controlled vehicle 
speed Vt3, that is, Whether or not the folloWing inequality (1) 
is held: 

In a case Where the inequality (1) is held, since the 
driving-Wheel slip has not converged yet, a counter CTSLIP 
(n) for a slip time is incremented in correspondence With a 
calculation cycle at a step 116, Which is folloWed by a step 
118. On the other hand, in a case Where the inequality (1) is 
not held, the driving-Wheel slip has already converged. 
Therefore, the slip time counter CTslip(Il) is cleared to Zero 
at a step 114, Whereupon the control How is returned. 
At the step 118, the slip time counter CTslip(Il) is com 

pared With the threshold value KTup of the slip time. In a 
case Where the slip time counter CTslip(Il) is greater than the 
threshold value KTup, namely the driving-Wheel slip does 
not converge Within the time period of the threshold value 
KTup, it is judged that the road surface corresponds to a 
so-called “low-p road” or, the road-surface friction coef? 
cient p is small. Then, the upshift request is made at the neXt 
step 120. On the other hand, in a case Where the driving 
Wheel slip converges Within the time period of the threshold 
value KTup, it is judged that the driving Wheel has happened 
to slip on a difference in road level, a Warning line in White, 
an iron plate, or the like although the road surface corre 
sponds to a so-called “high-p road”, or, the road-surface 
friction coef?cient p is great. Then, the control How is 
brought back to the step 100 Without making the upshift 
request. 
As thus far explained, according to this aspect of 

performance, the upshift request is made in compliance With 
not only the condition that the engine revolution speed is 
greater than the predetermined speed, but also the conditions 
of: the converging time period of the driving-Wheel slip 
during the eXecution of the TRC; the road surface, such as 
the bad or good road; and the road surface g. It is therefore 
possible to prevent the inferior acceleration of the motor 
vehicle attributed to the unnecessary upshift. 

NeXt, the second aspect of performance of the present 
invention Will be eXplained. 
As stated above, the ?rst aspect of performance consists 

in deciding the propriety of the upshift request on the basis 
of the road surface condition, and quite inhibiting the upshift 
under some road surface conditions. In contrast, the second 
aspect of performance consists in altering the gear-shift 
revolution speed for effecting the upshift, on the basis of the 
road surface condition. 

FIG. 4 illustrates the relationship betWeen the road 
surface-p estimation value MUE and the engine revolution 
speed for the upshift (i. e., the gear-shift revolution speed) 
Kneup. 

In the graph of FIG. 4, a solid line represents a gear shift 
line (line of the gear-shift revolution speed) on the good 
road, While a broken line represents a gear shift line on the 
bad road. 
As seen from the graph, in the case Where the road 

surface-p is high, or Where the drive road of the motor 
vehicle is bad, the gear-shift revolution speed Kneup is 
heightened to make the upshift dif?cult, Whereby the inferior 
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acceleration is suppressed. On the other hand, in the case 
Where the road-surface-p is loW, the gearshift revolution 
speed Kneup is lowered to make the upshift easy, Whereby the 
controllability of the TRC or the durability of a catalyst 
mounted on the motor vehicle is enhanced. 

According to this aspect of performance, the engine 
revolution speed for effecting the upshift is altered depend 
ing upon the road surface condition, so that the optimum 
gear-shift control conforming to the road surface condition 
can be realiZed. 

Incidentally, it is to be understood that the hardWare 
architecture of the second aspect of performance may be 
identical to the construction shoWn in FIG. 2. 
As described above, according to these aspects of 

performance, the converging time period of the driving 
Wheel slip and the road surface conditions etc. are consid 
ered in response to the judgements of the upshift requests. 
Thus, it is permitted to prevent the inferior acceleration of 
the motor vehicle and the overload of the automatic trans 
mission Which are attributed to the upshift effected espe 
cially in the loW revolution speed Zone of the engine in a 
Wide open throttle state. 
As set forth above, according to the present invention, 

even When the revolution speed of an engine is predeter 
mined speed or above, upshift is limited or regulated in case 
of a bad drive road or a low-p drive road, Whereby an 
inferior acceleration ascribable to the upshift can be 
prevented, and besides, a gear-shift revolution speed for 
effecting the upshift is altered depending upon a road surface 
condition, so that the optimum gear-shift control conforming 
to the road surface condition can be realiZed. 
What is claimed is: 
1. An acceleration slip control system for a motor vehicle 

Wherein an acceleration slip control is executed When a slip 
of a driving Wheel has been detected, and wherein a trans 
mission is upshifted When an engine revolution speed is 
greater than a predetermined speed, comprising: 

means for detecting a road surface condition after the slip 
of a driving Wheel has been detected; and 

means for limiting upshift of the transmission, after the 
acceleration slip control is eXecuted based on the road 
surface condition detected after the slip of the driving 
Wheel has been detected. 

2. An acceleration slip control system for a motor vehicle 
as de?ned in claim 1, Wherein said means for detecting a 
road surface condition detects a road-surface friction coef 
?cient. 
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3. The acceleration slip control system of claim 2, Wherein 

the limiting means prevents upshift When the detected 
road-surface friction coef?cient is greater than a predeter 
mined value. 

4. An acceleration slip control system for a motor vehicle 
as de?ned in claim 1, Wherein said means for detecting a 
road surface condition detects Whether the road on Which 
said motor vehicle drives is a bad road or not. 

5. The acceleration slip control system of claim 1, Wherein 
the limiting means prevents upshift When a duration of the 
detected slip of the driving Wheel is less than a predeter 
mined time period. 

6. An acceleration slip control system for a motor vehicle 
Wherein an acceleration slip control is eXecuted When a slip 
of a driving Wheel has been detected, and Wherein a trans 
mission is upshifted When an engine revolution speed is 
greater than a predetermined speed, comprising: 
means for detecting a road surface condition after the slip 

of a driving Wheel has been detected; and 

means for altering a gear-shift revolution speed for effect 
ing upshift of the transmission after the acceleration 
slip control is eXecuted based on the road surface 
condition detected after the slip of the driving Wheel 
has been detected. 

7. An acceleration slip control system for a motor vehicle 
as de?ned in claim 6, Wherein said means for detecting a 
road surface condition detects a road-surface friction coef 
?cient. 

8. The acceleration slip control system of claim 7, Wherein 
the altering means increases the gear-shift revolution speed 
for effecting upshift When the detected road-surface friction 
coef?cient is greater than a predetermined value. 

9. An acceleration slip control system for motor vehicle as 
de?ned in claim 6, Wherein said means for detecting a road 
surface condition detects Whether the road on Which said 
motor vehicle drives is a bad road or not. 

10. The acceleration slip control system of claim herein 
the altering means increases the gear-shift revolution speed 
for effecting upshift When a duration of the detected slip of 
the driving Wheel is less than a predetermined time period. 


